An 88-year-old woman presented with fever and acute posterior neck pain. A CT scan revealed calcification of the transverse ligament and crown-like calcification around the odontoid process. According to the clinical and radiological findings, she was diagnosed with crowned dens syndrome (CDS). Her symptoms drastically improved following treatment with oral nonsteroidal anti-inflammatory medication. An X-ray of her wrist, elbow, shoulder and knee joints showed asymptomatic calcium deposits, suggesting underlying crystalline deposition disease. CDS may occur as the initial presentation of crystalline deposition disease. The measurement of procalcitonin and an X-ray survey of the major joints may be helpful for the diagnosis of CDS.
Introduction
Crowned dens syndrome (CDS) is a relatively rare clinical condition that is characterized by the unique radiographic feature of a crown-like calcium deposition around the odontoid process (1) . Symptoms of CDS include high fever, acute posterior neck pain, or sometimes neck rigidity and Kernig's sign (2) . These manifestations are quite misleading since high fever with neck pain is typically suggestive of infectious meningitis (2) . However, considering CDS in the differential diagnosis of feverish acute neck pain is important because the diagnostic and therapeutic strategies vary significantly between meningitis and CDS. Unnecessary invasive diagnostic procedures, or indiscreet antibacterial or anti-viral treatment, are ineffective and may be potentially harmful for patients with CDS.
We herein describe the case of an 88-year-old Japanese woman who presented with a sudden onset of posterior neck pain and high fever. Infectious disease was initially suspected, however, the administration of intravenous antibiotic agents was ineffective. Furthermore, the patient's serum pro-calcitonin level was not elevated, thus suggesting an infectious etiology to be less likely. A CT scan of the neck revealed linear calcification in the transverse ligament of the atlas and crown-shaped calcifications around the odontoid process. Although asymptomatic, an X-ray revealed significant calcium deposits in both sides of wrist, elbow, shoulder and knee joint, suggesting the presence of underlying crystalline deposition disease. A diagnosis of CDS was made and nonsteroidal anti-inflammatory drugs (NSAIDs) treatment remarkably alleviated the patient's symptoms and inflammatory reaction. C, anti-nuclear antibody (ANA), anti-double stranded DNA antibody, myeloperoxidase and proteinase 3 anti-neutrophil cytoplasmic antibody (ANCA) was negative. The serum level of rheumatoid factor was slightly increased (19.0 IU/ mL; normal range: <15.0); however, anti-cyclic citrullinated peptide (CCP) antibody was negative (0.8 U/mL; normal range: <4.5). The urinalysis findings were normal. These laboratory findings were not suggestive of any underlying connective tissue disease or vasculitis. Initially, a bacterial infection was suspected and the patient was treated with antibiotics (ceftriaxone sodium hydrate, 2.0 g per day intravenously and meropenem hydrate, 1.0 g per day intravenously). However, the antibiotic treatment was not effective for her fever and neck pain. A blood culture was negative. An enhanced CT scan of the chest, abdomen, and pelvis revealed no possible focus of infection or malignancy. Furthermore, an echocardiogram showed no apparent mitral or aortic valve vegetation. Additionally, the serum procalcitonin level was <0.5 ng/mL, thereby suggesting the possibility of bacterial infection to be less likely. On the 6th admission day, a CT scan of the neck detected crownshaped calcifications surrounding the odontoid process ( Fig. 1a ) and the linear calcification of the transverse ligament of the atlas (Fig. 1b) . Although clinically asymptomatic without a previous history of arthritis, the patient's X- ray of the wrist, elbow, shoulder ( Fig. 1c ) and knee ( Fig. 1d ) joints revealed calcium deposits, suggesting underlying crystalline deposition disease. A diagnosis of CDS was made according to her clinical and radiological findings and treatment with nonsteroidal anti-inflammatory drugs (NSAIDs) was started (celecoxib, 200 mg per day) on the same day. Her posterior neck pain and fever drastically improved within 5 days after initiating NSAIDs treatment and the serum inflammatory reaction level decreased to within normal range 28 days later (Fig. 2 ).
Discussion
CDS was initially reported in 1985 as feverish cervical pain caused by crystalline deposits in soft tissue around the odontoid process with inflammatory reactions (1). The components of the crystalline deposits is typically calcium pyrophosphate dehydrate (CPPD) or hydroxyapatite (HA) (3). The contribution of fibroblasts or chondroid cells in the ligaments around the odontoid process was proposed as a mechanism of calcium deposition (4, 5) and it is plausible to say that an increase of calcium deposits around the odontoid process leads to the expansion of soft tissue and mechanical damage to the anatomical structures, resulting in inflammatory reaction (6) . However, the exact pathophysiology of CDS remains unclear.
Because its principal symptoms are acute posterior neck pain and fever, CDS may be misdiagnosed as meningitis (2, 6) . In addition to the neck pain and fever, if morning stiffness in the shoulder girdle or jaw claudication is present, CDS may also mimic polymyalgia rheumatica (PMR) or giant cell arteritis (GCA) (7, 8) . Despite the fact that our patient presented with high fever and posterior neck pain with inflammatory reactions, we did not perform a lumbar puncture because she lacked the symptoms of consciousness disturbance, neck stiffness or Kernig's sign. Furthermore, her procalcitonin level was less than 0.5 ng/mL. Takahashi et al. reported a case of CDS mimicking aseptic meningitis whose measurement of procalcitonin was useful in excluding the infectious etiology for the differential diagnosis of CDS (2) . However, the currently available data on the procalcitonin level in CDS patients is quite limited, thus further accumulation of case reports for this relatively rare clinical entity is necessary to avoid the performance of any unnecessary invasive diagnostic procedures. A previous medical history of crystalline deposition disease in other joints is crucial information for the clinician to suspect CDS (1, 2, (5) (6) (7) (8) . Although the present case had never experienced acute crystalline arthritis before admission, an X-ray of her wrist, elbow, shoulder and knee joints revealed significant calcium deposits. Ferrone et al. reported that CPPD disease is not necessarily symptomatic (9) . According to our patient's previous medical history, she had never experienced acute crystalline arthritis. Though X-rays revealed calcium deposits in several major joints, the deformity or OA-like change was not severe, suggesting the lack of chronic inflammation or previous episodes of repeated acute crystalline arthritis. Unfortunately, 67-Ga scintigraphy was not performed in this patient, therefore the presence of another focus for the inflammatory reaction could not be completely ruled out. Considering the physical findings and the results from the enhanced CT scan, UCG, blood culture, serological testing, the procalcitonin level and the clinical course, we believe this patient's inflammatory reaction was therefore attributable solely to CDS. The present case demonstrates that CDS may be an initial manifestation of an acute episode of crystalline deposition disease, and even though our patient was clinically asymptomatic with no apparent previous history of acute crystalline arthritis, an X-ray survey of the major joints was helpful for supporting the diagnosis of CDS.
A cervical CT scan is the golden standard for the diagnosis of CDS owing to its capability to detect calcium deposits around the odontoid process (1, 2, (5) (6) (7) (8) . Moreover, a CT scan is helpful for ruling out other causes of neck pain, such as fractures and primary or metastatic tumors. Salaffi et al. reported that calcification around the odontoid process was observed in 25 out of 49 CPPD patients (51%) and neck symptoms were present in 9 (18.4%) cases (10) . However, whether asymptomatic calcifications ultimately lead to the onset of CDS is uncertain. It is reasonable to assume that the growth of crystalline deposits around the odontoid process results in evoking the inflammatory reaction and causes symptoms such as neck pain, restriction of neck movement, and fever. Recently, CDS has been suggested to be more common than previously thought. Thus, clinicians should keep in mind the possibility of future incidences of CDS in patients with calcium deposits around the odontoid process even if they are asymptomatic at the time of examination.
The appropriate treatment for CDS remains debatable; however, NSAIDs are conventionally used for CDS (3, 5, 8) . In most of the previously reported cases, oral NSAIDs therapy alone was sufficient for the improvement of symptoms within several days. In some refractory cases, corticosteroids were additionally administered (6) . In our case, the patient's fever promptly went down one day after celecoxib administration and her neck pain and restriction of cervical movement disappeared five days later. The patient's serum CRP level normalized within one month after treatment. Because CDS mainly occurs in elderly people, steroid therapy should be prescribed with careful consideration to avoid fatal side effects. Additionally, the long-term usage of anti-inflammatory drugs is unnecessary for the treatment of CDS (11) . Clinicians should therefore be cautious about the choice and period of anti-inflammatory therapy for the treatment of CDS.
Although rare, CDS should be considered especially in elderly patients with fever and posterior neck pain when making a differential diagnosis of infectious meningitis to avoid any unnecessary invasive procedures or ineffective antibiotic treatment. CDS may occur as an initial presentation of crystalline deposition disease. Measuring the procalcitonin levels and the detection of calcium deposits in major joints by X-rays, even if the patient is asymptomatic and has no previous history of pseudogout attack, may be helpful for supporting the diagnosis of CDS.
The authors state that they have no Conflict of Interest (COI).
